Background: Intermittent preventive treatment with sulphadoxine-pyrimethamine for pregnant women (IPTp-SP) is currently being scaled up in many countries in sub-Saharan Africa. Despite high antenatal clinic (ANC) attendance, coverage with the required two doses of SP remains low. The study investigated whether a targeted community-based promotion campaign to increase ANC attendance and SP uptake could effectively improve pregnancy outcomes in the community.
0.430). Mean PCV and birth weight and prevalence of anaemia and low birth weight did not differ between study arms.
Conclusion:
The promotional campaign resulted in a major increase in IPTp-coverage, with two thirds of women at delivery having received ≥ 2 SP. Despite lower prevalence of malaria infection this did not translate into a significant difference in maternal anaemia or birth weight. This data provides evidence that, as with immunization programmes, extremely high coverage is essential for effectiveness. This critical threshold of coverage needs to be defined, possibly on a regional basis.
Background
Each year, about 50 million women living in malaria endemic regions become pregnant, more than half in subSaharan Africa [1] . In areas of relatively stable transmission, where acquired immunity to Plasmodium falciparum limits infection and prevents severe disease in adults, women in their first and second pregnancy are the most vulnerable [2] , due to a higher risk of severe anaemia and a low birth weight (LBW) outcome, a leading cause of child mortality and poor growth and development [3] [4] [5] [6] [7] .
Malaria in pregnancy and its adverse consequences can be prevented with suppressive antimalarial treatment or chemoprophylaxis [8] . Weekly chloroquine (CQ) has been the basis for prevention for many years, but now has limited application. There are difficulties in coverage and compliance throughout pregnancy and parasite resistance to CQ has effectively made its use redundant in P. falciparum endemic areas [9, 10] . A new strategy for prevention based on insecticide-treated bed nets (ITNs) and use of intermittent preventive treatment in pregnancy (IPTp) has been formulated [1, 11] . IPTp is based on the administration of treatment doses of sulphadoxine-pyrimethamine (1500/75 mg; SP) to all pregnant women at pre-defined intervals and regardless of malaria infection. Currently, WHO recommends administering SP two or three times at scheduled antenatal visits at least one month apart from the second trimester onwards [1] . Evidence of the efficacy of IPTp with SP for preventing malaria infection and improving birth weight was reported from East Africa [3, 12, 13] and West Africa [14, 15] .
IPTp assumes that the large majority of pregnant women attend antenatal clinics (ANC) at least twice during their pregnancy and at a time when SP can be administered under direct observation. Unfortunately, late attendance to ANC and weak health services limit the effectiveness of this strategy [16] [17] [18] [19] ; coverage with two or more SP doses varies widely (24-68%) [20] and is well behind the goal of 80% proposed by the Roll Back Malaria Partnership [11, 21] . New approaches to increase IPTp coverage are urgently needed.
In Burkina Faso, CQ and SP have been used as first and second line treatment for uncomplicated malaria until 2005 . Parasitological resistance to CQ was 18% in children in Bobo-Dioulasso in 1998-2000 [22] while adequate clinical and parasitological response (ACPR) in pregnant women in Ouagadougou was 53.3% (Day 28) in 2003 [23] . Resistance to SP was similar in children and pregnant women in 2003 with ACPR (D28) of 91.8% and 87.1% respectively [23, 24] .
This study investigated whether promoting regular and early antenatal attendance of pregnant women through community based health education would increase coverage and uptake of IPTp and consequently improve pregnancy outcomes. In addition, the effectiveness of IPTp-SP compared with weekly CQ was determined in order to provide additional evidence to the Burkinabe Ministry of Health for an impending policy change.
Methods

Study site
The study was carried out between 2003 and 2006 in Western Burkina Faso, in Boromo Health District (BHD), a rural province with an estimated total population of 204,117 (Figure 1 ). There are three seasons: a rainy season (June to October; 20-35°C; mean annual rainfall about 800 mm/year), a cold dry season (November to February, 16-32°C) and a hot dry season (March to May, 25-40°C). Malaria is holo-endemic, with high transmission between July and December. At the time of the study, national guidelines for malaria prevention in pregnant women recommended a full treatment course of CQ (1500 mg over 3 days) at the first antenatal visit followed by 300 mg weekly until 6 weeks post partum. Antenatal care was offered free of charge and included, besides CQ prophylaxis, an ANC card, physical examination, counselling, and haematinic supplementation (200 mg ferrous sulphate and 0.25 mg folic acid). In rural Burkina Faso, antenatal coverage for at least one visit was about 70%, with 22.5% of first visits during the first trimester and 68.5% of deliveries occurring at home [25] .
Study design and randomization
Study interventions were implemented at two different levels: IPTp with SP (two observed doses at the beginning of the second and third trimester) was introduced through antenatal clinics in selected health centres (HC) and promotional activities were conducted at village level.
Four out of 26 peripheral HC in BHD were strategically assigned to community promotion in addition to IPTp-SP (Intervention A). Geographically contiguous HC were selected to avoid contamination due to the spread of the promotional campaign across the study arms (Figure 1 ). Communities were informed about the dangers of malaria for the pregnant women and their babies and early and regular ANC attendance was promoted to ensure timely IPTp-SP uptake. In 18 villages, female community leaders were trained to promote specifically designed health messages using image boxes for individual and group discussions. These messages were based on a previous socio-anthropological survey investigating local perceptions and beliefs.
Eight HC were randomly allocated to either implement IPTp-SP in antenatal clinics without these enhanced promotional activities (Intervention B) or continue with weekly CQ according to the national guidelines (Control).
The total study area covered a population of about 75,000 people distributed in 57 villages. Catchment areas of the selected HC varied in number of villages (2-10) and population size (3,500-10,500). In one catchment area (Oury), a new HC (Mou) was opened during the study period, reducing the distance to the nearest HC for two villages. micronutrient supplementation: (a) standard haematinics or (b) daily multi-micronutrients [26] .
Enrolment and follow-up
Trained women field assistants (WFA) identified pregnant women by monthly village visits using a screening questionnaire. After obtaining an informed consent, women in their first or second pregnancy were recruited. A questionnaire on demographic and household characteristics, education and socio-economic status, obstetrical history, antenatal visits, illness and treatment during the current pregnancy was administered by the WFA. Uterine fundal height was measured to confirm pregnancy and to estimate the gestational age. If the uterus was non-palpable, a urine pregnancy test was performed. Enrolled women received a card with a unique study number to be shown any time they attended a HC. At around 32 weeks of gestation, WFA visited the enrolled women and administered a questionnaire on antenatal visits, morbidity and treatment received. A capillary blood sample (finger prick) for packed cell volume (PCV) and parasitaemia was collected.
ANC visits
At each ANC visit, information on previous illnesses and treatments was collected; fundal height and axillary temperature were measured. Numbers of tablets of directly observed SP treatment and other medicines (CQ, haematinics) handed to mothers were recorded on a study questionnaire. Similar information was collected at unscheduled visits.
Delivery
About half of deliveries were expected to take place at home assisted either by a traditional birth attendant (TBA) or a family member. Around the expected time of delivery, WFA weekly visited women likely to deliver at home. As soon as possible after delivery, babies were weighed using a hanging weighing scale (UNICEF Scale, infant, spring, 5 kg × 25 g) and length was measured to the nearest half centimetre using a transportable measuring board (SECA 210 Measure Mat II). A capillary blood sample for PCV and parasitaemia was collected from the mother. Whenever possible, WFA cut a small piece of tissue from the middle third of the maternal side of the placenta and prepared a smear after swabbing it on blotting paper. Similar samples and information were collected from women delivering at a HC or district hospital in the study area.
Child survival
Women recruited in the study and their offspring were visited by WFA about one year after delivery; if the child had died, the time of the event and its circumstances were recorded.
Laboratory investigations
All laboratory tests were performed by three experienced technicians in the laboratory of Boromo District Hospital.
Malaria parasitaemia
Thick films and methanol fixed placental smears were stained with 10% Giemsa for 10 minutes. For peripheral blood, parasite density was determined by counting parasite asexual forms per 200 white blood cells (WBC). The parasite density per μl was estimated assuming 8,000 WBC/μl. A slide was considered negative if no parasite was found after counting 500 WBC. All slides were systematically read by two technicians and for discrepant results a third consensus reading was performed. Parasite density for placental smears was expressed as the percentage of parasitized red blood cells (RBC) over the total number of RBC after counting at least 1,000 RBC.
Haematology
Heparinized capillary tubes containing whole blood were centrifuged within 48 hours after collection and PCV read. To minimize losses during the transport two capillaries were collected from the same finger prick. If two results were available the mean value was computed.
Definitions
Malaria infection
Asexual P. falciparum parasites of any density, in a thick film of peripheral blood (peripheral parasitaemia) or a placental smear (placental parasitaemia). Anaemia PCV < 33%; women were further divided according to the degree of anaemia, i.e. moderate to severe anaemia PCV < 30%; severe anaemia PCV < 24%. For the analysis of the haematological status at delivery, only blood samples collected at the day of delivery were considered.
Birth weight
Weight values obtained within 24 hours of delivery were analysed as such. Weights obtained between day 1-8 postdelivery were corrected for the physiological fall (D1 4%, D2 3%, D3 3%, D4 1%) and increase (D5 0%, D6 1%, D7 2%, D8 4%) in weight occurring during the first week after delivery. The correction factor was estimated by weighing 132 newborns with known birth weight every two days up to 8 days after delivery. The birth weight analysis includes only singleton live births. Low birth weight (LBW) is defined as a corrected birth weight < 2,500 grams.
Gestational age
Fundal height measurements, when compared with delivery dates, were shown to be inaccurate for estimating the gestational age. Thus, gestational age at first antenatal visit was estimated using the time between first ANC visit and delivery [27] , assuming delivery occurred after 40 weeks gestation. Women were considered in the first trimester when their first antenatal visit was 25 to 40 weeks before delivery, in the second if between 13 to 24 weeks and in the third if between 0 and 12 weeks. Analyses including gestational age were restricted to normal deliveries of singleton live-births. Due to the uncertainty of gestational age, no attempt to define preterm delivery and to distinguish between miscarriages and stillbirths was done.
Season
Low transmission from January through June and high transmission from July through December, based on locally obtained rainfall and malaria prevalence, and taking into account the delay between onset of rains and onset of malaria transmission. All deliveries and blood samples were thus assigned to a period of either "low" or "high" transmission. In addition, for birth weight analysis the low transmission period was sub-divided into "early" (January to March) and "late" (April to June) low transmission.
Wealth-index
A relative index of socio-economic status based on the construction material of the house and roof and household assets (bicycle, motorbike, cart, car, television, radio, cell phone) was constructed using principal component analysis [28, 29] . Classes were derived by dividing the index into quartiles graded as most poor, poor, less poor and least poor.
Distance
Mean distances between villages and the nearest HC are those used by BHD for the vaccination program and are consistent with our own GPS derived data.
Data analysis Sample size
Assuming a mean birth weight of 2,600 grams with no intervention and accounting for the cluster (village) effect with a small coefficient of variation between clusters in each group, the study was designed to detect, at the 5% level and with 80% power, a difference in mean birth weight of 200 grams between study arms. With 50 expected pregnancies per 1,000 inhabitants per year, one third first or second pregnancies, and allowing for 20% loss to follow-up, a total population of 70,000 was needed for including and following up 2,000 primi-and secundigravidae in two years.
Statistical analysis
Access 2003 was used for double data entry and validation and EpiInfo 2000 (version 3.2.2; Centers for Disease Control and Prevention, Atlanta) and STATA (Intercooled version 10; Stata Corp., College Station, TX) software packages were used for analysis. Initially villages were intended to be considered as the sampling unit. However, as HC were the units of randomization, it was decided to account for the cluster design using linearized variance estimations with HC as the primary sampling unit (svyset HC, vce (linearized) in STATA 10). Baseline characteristics were compared between study arms using a design-based Pearson χ 2 -test (svy linearized: tabulate in STATA 10). Linear regression models (svy linearized: regress) were used to compare means of birth weight and PCV and logistic regression models (svy linearized: logistic) to compare proportions of ANC and IPTp-SP coverage, parasitaemia, anaemia and LBW and to determine odds ratios with corresponding 95% confidence intervals (CI). The criterion for statistical significance was set at alpha = 0.05. Variables tested as possible confounders were age (dichotomized ≤ 19/> 19 years), parity, education, marital status, wealth index, bed net ownership, season, distance (dichotomized ≤ 5/> 5 km) and, for birth weight analyses, sex of the baby. Variables associated with outcomes at a significance level with p < 0.1 in univariate analysis were entered in multiple logistic regression models. Intervention arm was kept as a variable in all models.
Final sample
Women enrolled during the first months of the study were likely to have started antenatal clinics before the interventions were implemented and have already received CQ chemoprophylaxis instead of IPTp-SP. The intervention A arm would not have been exposed to promotional activities. Therefore, women in their 4 th or later month of pregnancy at the time the study started (delivery date prior to September 1 st 2004) were excluded a priori from the analysis.
Ethical clearance
The study was approved by the Burkina Faso Ministry of Health and the Ethical Committee at ITM, Antwerp. Local health authorities and community leaders were informed about the study objectives and procedures for data collection. All study participants gave informed consent after explanation of the procedures in the local language and were free to remove consent at any time of the study without influencing their access to health services. Women found to be parasitaemic or anaemic at 32 weeks or at delivery were offered antimalarial treatment (either quinine in the intervention arms or CQ in the control arm) and extra haematinics according to national guidelines. 208 (8.2%) were lost to follow-up, resulting in 2,550 pregnancies with known outcome. Two hundred and sixty two women delivered before September 1 st , 2004 and were excluded from the analysis. Six women died, three during pregnancy (one bacterial meningitis despite hospital treatment, one unsafe abortion at home and one unknown disease at home), one at delivery and two after delivery (unknown cause). WFA did 1,780 home visits for blood sampling at around 32 weeks of gestation, covering 77.8% of women with known pregnancy outcomes. Missed visits were mainly due to the high mobility of the study subjects. About two thirds of deliveries took place in a HC (62.7%; 1,434/2,288). At 32 weeks gestation haematological and parasitological data were available for about 70-80% of women, with a similar proportion at delivery for HC deliveries and about 20% for home deliveries. Birth weight within one week after delivery was collected for almost 90% of singleton live-births (Table 1 ).
Women's characteristics
Study participants were mainly young women (mean age 19.7 years) without formal education, mostly married and living within 5 km from the nearest HC. Women in the intervention A arm were slightly older than in the intervention B and control arms and less likely to have a fund raising activity. The wealth index was skewed towards the poorer category in the control arm and towards the less poor in the intervention A arm. Nevertheless, most variables at baseline were comparable between study arms (Table 2) . (Table 3) . Differences between study arms remained non significant after adjustment for parity, season, bed net ownership and wealth index.
The prevalence of severe anaemia (PCV < 24) was below 5%, both at 32 weeks (2.9%, 95%CI 1.9-3.9) and at delivery (3.2%, 95%CI 1.9-4.9) and did not significantly differ between study arms.
Birth outcomes
Overall mean birth weight of live singletons was 2,822 g (95%CI 2,782-2,862); 2,720 g (95%CI 2,674-2,766) for primigravidae and 2,945 g (95%CI 2,893-2,997) for secundigravidae (p < 0.001). LBW was associated with placental malaria only in primigravidae (OR 2.4 95%CI 1.5-3.9 p = 0.002) but not in secundigravidae (OR 0.84 95%CI 0.37-1.93 p = 0.661). Mean birth weight did not significantly differ between study arms (Figure 4 ) though the prevalence of LBW compared to weekly CQ was reduced by 27% (from 22.3 to 18.6) with intervention A and by 17% (from 22.3 to 16.2) with intervention B (Table 3) . However, even after adjusting for parity, season, sex of the baby, distance, and bed net ownership none of these differences was significant (intervention A vs. control: AOR 0.64 95%CI 0.38-1.10 p = 0.097; intervention B vs. control: AOR 0.71 95%CI 0.37-1.35 p = 0.271).
The proportion of miscarriage or stillbirth among women with known pregnancy outcome was not significantly different between study arms.
Discussion
In this community-based trial, the effect of providing IPTp-SP through routine ANC coupled with promotional activities targeted to pregnant women was assessed by comparing parasitological, haematological, and birth weight outcomes in primi-and secundigravidae. At the time this study was implemented, the national prevention policy for pregnant women was weekly CQ chemoprophylaxis and the Burkinabe Ministry of Health had requested more local data on IPTp-SP prior to changing the policy. Therefore, the effectiveness of IPTp-SP was measured by comparing two intervention arms where HC provided IPTp-SP with a control arm where HC offered weekly CQ while the added value of the promotional campaign targeted to pregnant women was assessed between intervention arms with and without promotion. Despite good coverage with more than two thirds of primi-and secundigravidae in the intervention villages with promotion having taken at least two SP doses, no significant improvement in the haematological and birth weight outcomes was observed. It should be noted that when the effect of the IPTp-SP is analysed at individual level (and not by community), women having received two or more SP doses had a significantly lower risk of peripheral and placental parasitaemia (10.8% and 12.2% respectively), anaemia (13.7% PCV < 30%) and low birth weight (12.8%). This indicates that a major impact of IPTp-SP at community level can be detected only when, as with immunization programmes, the coverage is extremely high. In this setting, reaching the current RBM goal of 80% by 2010 [11] is unlikely to result in a major impact. The critical threshold of coverage yet needs to be defined, possibly on a regional basis. These results also illustrate the difficulty of translating an efficacious intervention into an effective policy.
IPTp-SP performed better than weekly CQ in clearing peripheral and placental parasitaemia, even at a relatively low coverage (2 or more SP doses < 50% without promotion). This finding strongly supports the policy change to IPTp-SP in Burkina Faso, decided in early 2005 [30] . The 
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remaining relatively high rates of placental malaria occurring mainly during the high transmission season in the IPTp-SP groups are consistent with other studies in the region and are likely to be due to high rates of reinfection after the last dose of SP [14, 15, 31] rather than to SP-resistance. Resistance to SP in urban and rural settings was not widespread at the time the study was conducted [23, 24] and it is unlikely that local differences in SP resistance in the study area have significantly influenced the results.
Maternal anaemia and LBW, two major consequences of malaria infection during pregnancy, were only marginally affected by the intervention. Evidence that IPTp-SP reduces anaemia and increases birth weight in primi-and secundigravidae is mainly based on trials where the control group received no treatment [8] . Only three studies directly compared IPTp-SP with weekly CQ, all in women of low parity. In Malawi, a 70% decrease in placental malaria with a mean gain in birth weight of 116 grams was observed, with no data on anaemia reported [13] . In Mali, a moderate reduction of placental malaria with a mean birth weight gain of 33 grams and 30% reduction in anaemia was reported, but with no effect on severe anaemia [14] . Recently, in Burkina Faso, in an urban setting where placental malaria prevalence was below 6%, no difference in mean haemoglobin and birth weight between IPTp-SP and weekly CQ was found [32] . Overall, the greatest impact of IPTp-SP on malaria prevalence has been [23] ; the success rate in rural communities, such as those involved in the current study, is probably higher [33] . Therefore, the remaining effectiveness of CQ chemoprophylaxis in the control group may explain the little effect on anaemia and birth weight observed in both intervention groups. This is consistent with the strong association between non-attendance at ANC and peripheral parasitaemia at any time during pregnancy observed in cross-sectional surveys undertaken before the introduction of IPTp in the same study area and with recent data from neighbouring Benin [34, 35] .
Antenatal care providers in HC where IPTp-SP was implemented were advised to give two doses of SP to pregnant women at the beginning of the second and third trimester as recommended by the WHO guidelines [36] . Since the start of the study, recommendations have been modified and simplified; "beginning of the second trimester" has been replaced by "after quickening", and "third trimester" by "at least one month apart". This change leaves uncovered the period between the beginning of the second trimester and the onset of quickening. Most countries implementing IPTp have chosen the two-dose-policy because the evidence for a beneficial effect of a third dose was limited to HIV-positive women [37] . In the current WHO recommended schedule of four ANC, with three visits after quickening, the frequency of IPTp dosing is no longer limited to two doses (and three where HIV-prevalence is >10%), but IPTp should be given "with each scheduled visit after quickening" to "assure that a high proportion of women receive at least two doses" [1]. These simplified recommendations take into account the difficulty to assess gestational age in busy peripheral ANC and to decide whether to administer SP. In the present study, giving SP at every ANC visit after the first trimester would have resulted in a better coverage with 90% women with more than two doses (instead of 70%), and 61% with more than three doses (instead of 4%) in the intervention A arm.
This is the first community-based effectiveness trial on IPTp-SP examining ways of increasing SP uptake through existing health services. It offers an interesting insight on the difficulties of increasing IPTp coverage. Alternative delivery systems of IPTp within the community have recently been tested in Uganda and Malawi. In both studies women receiving SP from community sources less frequently completed ANC, a side effect that may have a negative impact on women's health (K. Msyamboza, personal communication) [38] . In the present study, participants were enrolled at community level but the randomization unit was the health centre as the main intervention (IPTp-SP) was related to the ANC. Therefore, variations between health centres in number of communities and population covered, as well as mobility and experience of the health staff, may have contributed to a larger cluster design effect than initially expected, a limitation of the study. For the intervention, the selection of health centres was not done randomly but on geographical contiguousness to avoid contamination (promotion campaign) between study arms. While known differences in baseline characteristics (age, ethnic group, wealth index) could be adjusted for, unknown factors may have influenced the findings although it is unlikely this would have resulted in an important bias. Moreover, the difficulties of following up pregnant women in a highly mobile rural population, often with sub-optimal working conditions in health centres and with a substantial number of home deliveries, should be appreciated. Despite substantial logistic constraints, our data include both health centre and home deliveries, and are more likely to reflect "real life conditions" than most health centre based studies.
It is noteworthy that this study found similar prevalences for peripheral and placental parasitaemia while the actual prevalence of parasitaemia is generally underestimated by peripheral microscopy [39] . The staff in peripheral health centres was trained to remove excess blood when preparing placental smears and excessively dried samples may have limited the number of red blood cells on the slide thus reducing the sensitivity of placental microscopy. Moreover, it was not possible to blind microscopists to the peripheral blood results, a further limitation.
Conclusion
The promotional campaign resulted in a major increase in coverage, with two thirds of women receiving at least two SP treatments during pregnancy. Despite their lower prevalence of malaria infection this did not translate into a difference in maternal anaemia or birth weight outcomes because the remaining proportion (30%) of primi-and secundigravidae not having received two SP treatments dilute the impact of the intervention. SP administration at all ANC visits following the first trimester should dramatically increase coverage. Since differences between groups with 49% and 70% SP coverage were only marginal, it is unclear what impact could be observed if the current RBM goal of 80% by the year 2010 is reached. This data provides evidence that, as with immunization programmes, extremely high coverage is essential for effectiveness. This critical threshold of coverage needs to be defined, possibly
